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 Occupational exposures in Nickel refining industry and environmental 
exposures from oil and coal burning power plants. 

 Although Ni ions are required for certain enzymes in bacteria and plants ( 
Ureases, Dehydrogenases), No known function in mammals. 

 Certain particulate Ni compounds( Ni3S2) that deliver Ni ions into 
cells,  are potently carcinogenic ( nasal, lung cancers etc at site of 
exposure). Not Mutagenic but can induce many diverse types of cancers 
at the site of exposure and in many different species. 

 Ni ions do not induce or bind to Mt or Ferritin, there is little protection in 
Human cells for these metal ions. However Ni ions are not very toxic to 
cells which may allow cancer cells to arise with epigenetic and genetic 
alterations
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Potential Intracellular Concentration
of a Phagocytized Crystalline NiS Particlea

Mean particle diameter 
used in calculation (µm)

1.45

4.00

Approximate NiS
cellular concentrationb (M)

0.25

4.75

aCell volume was determined in CHO cells with a Coulter counter-particle size
analyzer and log range expander.

bCell volume, 393.5, µm3; density of NiS, 5.5g/cm3; particles assumed spherical.
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Prolyl Hydroxylases ( collagen, HIF-dependent)
Asparigine Hydroxylases (FIH)
Alk b DNA repair enzymes ( 1-meA, 3-meC, ABH2 and 
ABH3)
FTO ( 3-meT, 3meC, overexpression weight gain, Type 
2 Diabetes)
Histone Lysine Demethylases

(only use of Ascorbic Acid in our bodies)



•A --- acetylation

•M --- methylation

•P --- phosphorylation

•Ub --- ubiquitination



Structure of Nucleosome

Luger K et al. Nature, 389:251                                           Blue: H3; green: H4; yellow: H2A; red: H2B
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name substrate

PADI4 R on H3, H4 (No Fe)

LSD1 H3K4

JHDM1 H3K9, H3K36 (di-), Fe dep

JHDM2A /JMJD1A H3K9 (mono-, di-)

JHDM3A /JMJD2A H3K9 (tri-), H3K36 (tri-)

GASC1/JMJD2C 
JARID-1 family (4 
members Jmjc dom)

H3K9 (di-, tri-)
H3K4 ( Tri)

(No Fe)
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Data Quantification



Fe=4.5uM
Ni=1.7uM

Giri and Maroney, Dept Chem, Univ of Mass



XAS analysis of nickel binding to ABH2. A). K-Edge XANES spectra for Fe-ABH2
(red), Ni-ABH2 (blue) and Ni-ABH2 + 2-oxoglutarate (green). Inserts: Expansions of the preedge
XANES region showing peaks associated with 1s  3d electronic transitions. B).
Unfiltered, k3-weighted EXAFS spectra (colored lines, red = Fe-ABH2, blue = Ni-ABH2 and
green = Ni-ABH2 + 2-oxoglutarate) and best fits from Table 1 (black lines). Left: k-space
spectra and fits. Right: FT-data and fits.



Ni ion binding to ABH2 In Intact Cells







 JHMD2A binds and activates SPRY2  
transcription. 

 SPRY2 is epigenetically silenced with H3K9 
dimethylation marks in it’s promoter in Nickel 
treated and transformed BEAS2B cells.

 SPRY2 inhibits growth factor signaling in cells 
and is a tumor suppressor. 
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Chip-on-chip and Chip-Seq

Chip-Seq sequence 36 BP DNA



strand annotation Symbol Chromosome Start End expression

- IL12B NM_002187 5 158694368 158694540  ↓ 8.4

- C10orf86 NM_01761 10 123730785 123730944  ↓ 3.3

+ CD3EAP NM_01209 5 96056126 96056327  ↓ 3.5

+ CCT7 NM_01590 7 100312376 100312519  ↓ 3.0



strand annotation Symbol Chromosome Start End

Gene 
expres
sion

+ NDRG1 NM_006096 8 134,376,200 134,377,500 ↑ 21.2

+ CA9 NM_001216 9 35663914 35671151 ↑ 6.5

+ STC2 NM_003714 5 172,685,450 172,685,600 ↑ 3.5

+ EGLN3 NM_022073 14 33463173 33490036 ↑ 3.3







Chip-Seq H3K4 trime NDRG1/Cap43



Chip-Seq H3K4 trimeth CA-9



RNA-Seq +/- Nickel  A549 Cells CA-9



RNA-Seq +/- Nickel A549 Cells NDRG1/Cap43



RNA-Seq +/- Nickel A549 Cells  ANGPTL4



Crosslinked all genes Crosslinked top 
50 genes

Crosslinked genes with 
2-fold increase

Crosslinked genes no 
change change



No Cation 1.1mM Mg+2



Mg Treatment
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CD spectral difference of dodecanucleosome (12-
mer) samples in 0 or 0.58 mM divalent cation. The
left panel shows Mg2+-treated and the right panel
shows Ni2+-treated oligonucleosomes. In each case
the top curve is the untreated oligonucleosomes and
the lower curve is divalentcation-treated
oligonucleosomes.











GPT Dnase1 Protection Assay
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•Nickel ions inhibit the dioxygenase histone demethylases leading to 
increased H3K4 trime and H3K9 dime which increases or decreases the 
expression of specific genes, respectively
•Nickel ions bind and displace the  Fe in the His-His Glu facial triad at 
the active site of dioxygenases such as ABH2
•Mapped genomic positions of H3K4 tri and H3K9 di changes induced by 
Ni using Chip-on-chip and Chip-Seq technology (correlates with gene 
expression changes) 
•SPRY2 which inhibits ERK signaling is a direct target of histone 
demethylase JMJD2A 
•SPRY2 is epigenetically  suppressed in Nickel induced transformed 
BEAS2B cells ( By chronic inhibition of JMJD2A?) and overexpression of 
SPRY2 reversed the transformed phenotype
•Gene expression changes are very metal specific in Normal Human 
Bronchial Epithelial cells transformed by Nickel and Chromate
•Nickel induces condensation of chromatin and silencing of genes near or 
in heterochromatin
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